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Abstract
Background: The Proximal Femoral Nail Antirotation (PFNA) system for treatment of intertrochanteric fractures is
currently widely applied worldwide. However, even though the PFNA has produced good clinical outcomes, a poor
introduction technique with an inappropriate entry point can cause surgical complications. Some researchers
suggest improving clinical outcomes by modifying the entry point, but no research has focused on this issue. The
purpose of the present study is to compare the clinical and radiological outcomes of two different trochanteric
entry points for the treatment of intertrochanteric fractures using the PFNA system.
Methods: From May 2010 to October 2015, a total of 212 elderly patients with intertrochanteric fractures who were
treated with the PFNA-II system were included into this retrospective cohort study. Group LA (98 patients) was
treated using a lateral anterior trochanteric entry point, and group MP (114 patients) was treated using a medial
posterior trochanteric entry point. All patients underwent follow-up assessments at 1, 3, 6, and 12 months after
surgery. Radiographic evaluation was based on the impingement, tip-apex distance (TAD) and the position of the
helical blade within the femoral head. Clinical evaluation was based on the surgical time, fluoroscopy time, blood
loss, hospital stay, visual analogue scale (VAS), thigh pain, and Harris hip score.
Results: The impingement was significantly reduced (P = 0.011) in group MP. The helical blade positions were
significantly lower (P = 0.001) in group MP. The TADs in group LA (22.40 ± 4.43) and group MP (23.39 ± 3.60) were
not significantly different (P = 0.075). The fluoroscopy time of group LA (53.26 ± 14.44) was shorter than that of
group MP (63.29 ± 11.12, P = 0.000). Five iatrogenic lateral proximal fractures and 3 helical blade cutouts occurred in
group LA, but none occurred in group MP. At 1 and 3 months postoperation, the Harris hip scores were
significantly higher in group MP (P = 0.001 and P = 0.000, respectively), and the VAS scores were lower (P < 0.05).
Conclusions: The medial posterior trochanteric entry point achieved excellent nail and helical blade position,
reduced surgical complications, and enabled early hip function recovery but required longer fluoroscopy time than
the lateral anterior trochanteric entry point.
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Background
Among elderly patients, intertrochanteric fractures are the
most common osteoporotic fractures and are associated
with high morbidity and mortality [1]. Due to its biomech-
anical advantages and rapid minimally invasive operation,
the Proximal Femoral Nail Antirotation system (PFNA,
Synthes, Oberdorf, Switzerland) has been more widely
used to treat intertrochanteric fractures [1]. However,
there is a huge difference in clinical outcome in previews
studies. In his multicenter study, Simmermacher reported
8.48% implant-related complications and 5.17% reopera-
tions in the early stage of using PFNA [2]; Wild et al. [3]
has reported a cutout ratio of 7.5%, and Kristek et al.’s [4]
is 1.35%. This difference is due to many factors, such as
age, fracture type, implant design, fracture reduction, and
implant position. Recently, an increasing number of stud-
ies have shown that a poor introduction technique leads
to a poor outcome [5–7]. The entry point is the most
important issue of the introduction technique. The entry
point plays a vital role in the location of the PFNA after
implantation and fracture reduction [8–13]. An optimal
entry point can maintain fracture reduction and avoid
implant-related complications.
Current research on entry points is extensive. McCon-
nell et al. [14] emphasized that the lateral trochanteric
point caused an average of 27% damage to the gluteus
medius tendon during the reaming for intramedullary
(IM) nail insertion. Anatomical studies of the sagittal
portion of the greater trochanter tip have revealed that
the entry point should be in the rear tip (0.5 cm) to
accommodate the curvature of the proximal femoral me-
dullary cavity [11].
Although entry point suggestions are reported in many
articles, no retrospective study has focused on the out-
comes associated with different entry points. Therefore,
the objective of the present study was to compare the
radiological and clinical features of patients treated by two
different entry points for PFNA nail insertion. Secondary
objectives identified possible causes for these outcomes
and examined potential consequences for the quality of
life achieved by patients with this specific implant.
Methods
The Ethics Committee and Institutional Review Board of
the Shijiazhuang No. 1 Hospital approved the retrospect-
ive study, and all patients provided informed consent.
From May 2010 to October 2015, 296 consecutive pa-
tients with intertrochanteric femoral fractures were
treated with PFNA-II (PFNA Asian version; Synthes,
Oberdorf, Switzerland) via the lateral anterior trochanteric
entry point (group LA) or using a medial posterior tro-
chanteric entry point (group MP). All the patients were
blinded to the study, but the orthopedic surgeon in the
surgical team was not. The inclusion criteria were an age
≥65 years, a low-energy injury, a closed anatomic fracture
reduction and a minimum follow up of 1 year. The exclu-
sion criteria were pathologic fractures, open fractures,
delayed fractures, multiple injuries, open fracture reduc-
tions, no-anatomic fracture reductions, rheumatic
diseases, immobility or walking difficulties prior to the
fracture, serious medical complications, mental disorders
and loss to follow up. Ultimately, 212patients (98in group
LA and 114 in group MP) included in the study.
In our database general data were collected and
reviewed, including the patients’ ages, sexes, American
Society of Anesthesiologists (ASA) scores and Short
Portable Mental Status Questionnaire (SPMSQ) scores.
Hip function was recorded according to the Harris hip
score. The fractures were classified through radiographs
as stable or unstable according to the AO/ASIF classifi-
cation by 2 surgeons (Table 1).



























Unstable A2.2 17 35(35.7%) 20 47(41.2%)
A2.3 8 11
A3 10 16
Harris Hip Score 91.70 ± 6.09 92.33 ± 5.39 0.585c
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Surgical techniques
This retrospective study was conducted by a single cen-
ter and a single surgical team. All surgical procedures
were performed by senior orthopedic surgeons
All patients in both groups underwent closed anatomic
fracture reduction and implantation of the PFNA-II nail,
which were performed on a traction table under an
image intensifier.
The main difference between the protocols for the
two groups is the guide pin entry point of the great
trochanter. In group LA (the lateral and anterior tro-
chanteric entry point group), the trochanteric entry
point, which was recommended by the manufacturer,
was 0.5 cm lateral to the apex of the greater trochan-
ter in the coronal plane and at the junction of the
anterior one-third and posterior two-thirds of the
apex of the greater trochanter in the sagittal plane. In
group MP (the medial and posterior trochanteric
entry point group), we currently use a modified tro-
chanteric entry point that is slightly (0.5 cm) poster-
ior and slightly (0.5 cm) medial to the trochanteric
apex on the medial edge of the greater trochanter.
The guided pin insertion entry point was located
0.5 cm medial to the apex of the greater trochanter
on anteroposterior radiographs and 0.5 cm posterior
to the apex of the greater trochanter on lateral radio-
graphs (Figs. 1 and 2). When the ideal insertion entry
point had been identified, the guided pin was inserted
along the femoral curvature line at an angle of 30°
relative to the horizontal (Fig. 3). Satisfactory posi-
tioning of the guided pin was verified on anteropos-
terior and lateral radiographs. After reaming of the
proximal femur, an appropriate nail was inserted into
the femur. Next, the PFNA-II helical blade and distal
screw were inserted according to the manufacturer’s
recommendations.
Perioperative management
All patients received antibiotics prophylactically with
second-generation cephalosporin 30 min preoperatively
and continued for 48 h postoperatively. Patients in both
groups were given spinal anesthesia. Subcutaneous low-
molecular heparin was continued as thromboembolic
prophylaxis for a total of 10 days.
Passive and active hip motion began on postoperative
days 1–3 after the drainage had been removed. Partial
weight bearing began with the appearance of fracture
healing, and total weight bearing began with clinical frac-
ture healing, as assessed with the follow-up radiographs.
All patients underwent follow-up assessments at 1, 3,
6 and 12 months after surgery. Anteroposterior and lat-
eral X-rays, physical examinations, and clinical follow-up
data were obtained at each follow-up assessment.
Radiographic assessments were recorded: The position-
ing of the nail in the femoral canal was evaluated, and a
distance of zero to the lateral trochanteric wall on the an-
teroposterior view was defined as impingement. The
tip-apex distance (TAD) was assessed according to
the system of Baumgaertner et al. [15], based on the
postoperative anteroposterior and lateral radiographs.
As described by Cleveland et al. [16], all of the post-
operative radiographs were assessed to determine the
position of the helical blade within the femoral head
(Fig. 4). Fracture union was defined as the presence
of visible bone trabeculae between bone fragments on
anteroposterior and lateral radiographs, with the abil-
ity to bear full weight on the extremity.
The following clinical data were recorded: surgical
time, fluoroscopy usage time, blood loss amounts, visual
analogue scale (VAS), thigh pain, length of hospital stay
after the surgery, and Harris hip score.
Surgical time, fluoroscopy time, intraoperative and post-
operative blood loss were recorded by the nurses who
were not involved in the study. Radiographic and clinical
functional assessments were performed and recorded by
Fig. 1 Anteroposterior radiograph. The guided pin insertion entry
point in group LA was 0.5 cm lateral to the apex of the greater
trochanter in the coronal plane. The guided pin insertion entry point
in group MP was located 0.5 mm medial to the apex of the greater
trochanter on the medial edge of the greater trochanter
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two senior orthopedics that were blinded and not involved
in the study.
Statistical analysis
Descriptive statistics generated using SPSS 20.0 (SPSS,
Inc., Chicago, IL, USA) were utilized for data analysis.
Kolmogorov–Smirnov tests were used to evaluate the
Gaussian distributions of continuous variables. Compari-
sons of the 2 groups were performed with Student’
T-tests for continuous variables with Gaussian distribu-
tions and Mann–Whitney U tests for continuous vari-
ables that did not show Gaussian distributions. For
categorical variables, Pearson chi-square tests and Fish-
er’s exact tests were used to evaluate the significance of
differences. All P-values were 2-sided, and P-values
below 0.05 were considered significant.
Results
Two hundred and ninety-six cases of osteoporotic inter-
trochanteric fractures were treated with PFNA-II in our
hospital between May 2010 and October 2015. Eighty-
four patients who did not meet the inclusion or meet
the exclusion criteria were excluded. Ninety-eight
patients treated with the lateral anterior trochanteric
entry point (group LA) and 114 patients treated with the
medial posterior trochanteric entry point (group MP) in-
cluded in the study. Table 1 presents the demographic
data for each group. The average patient age were
76.64 years for group LA and 76.52 years for group MP
(P = 0.990). 68 patients (69.3%) in group LA and 71 pa-
tients (62.3%) in group MP were female (P = 0.278). The
ASA and fracture side in two groups were not different
statistically (P = 0.606, and P = 0.853, respectively). The
average harris hip score before injury were 91.70 for
group LA and 92.33 for group MP (P = 0.585). The AO/
OTA fracture classification was A1.1 1.2 1.3 2.1 in 63
cases (64.3%), A2.2 2.3 3 in 35 cases (35.7%) for group
LA, and A1.1 1.2 1.3 2.1 in 67 cases (58.8%), A2.2 2.3 3
in 35 cases (41.2%) for group MP (P = 0.411).
The radiographic reviews are presented in Table 2.
The distances to the lateral trochanteric wall were classi-
fied as zero – impingement (35 in group LA [33.3%] and
23 in group MP [20.2%]) or as greater than zero – non-
impingement (63in group LA [64.3%] and 91 in group
MP [79.8%]), and the difference in the classifications be-
tween the 2 groups was significant (P = 0.011). The
TADs in group LA (22.40 ± 4.43) and group MP (23.60
± 3.60) did not significantly differ (P = 0.075). The helical
blade positions were recorded and are shown in Fig. 4.
There were no significant differences between the 2
groups in the helical blade position in the helical blade
position between the 2 groups on the lateral radiographs
(P = 0.071) However, there was a significant difference in
the helical blade position between the 2 groups overall
Fig. 2 Lateral radiograph. The guided pin insertion entry point in
group LA was at the junction of the anterior one-third and posterior
two-thirds of the apex of the greater trochanter in the sagittal plane.
The guided pin insertion entry point in group MP was 0.5 cm
posterior to the apex of the greater trochanter and in the center of
the femoral neck
Fig. 3 Direction of the guided pin. When the ideal insertion entry
point had been identified, the guided pin was inserted along the
femoral curvature line at an angle of 30° relative to horizontal
Pan et al. BMC Musculoskeletal Disorders  (2017) 18:107 Page 4 of 9
or on the anteroposterior radiographs (P = 0.006 and P =
0.001, respectively).
The operative and clinical outcomes are listed in
Table 3. The differences in surgical time, hospital stay,
and intraoperative and postoperative blood loss between
the 2 groups were not significant (P > 0.05). The fluoros-
copy time of group LA was significantly shorter than
that of group MP (56.86 ± 13.24 vs. 63.29 ± 11.12, re-
spectively, P = 0.000). Two iatrogenic lateral proximal
fractures and 2 helical blade cutouts occurred in group
LA, whereas none occurred in group MP. Additionally,
the Harris hip scores at 6 and 12 months were not sig-
nificantly different (P = 0.110 and P = 0.773, respectively).
However, at postoperative months 1 and 3, the Harris
hip scores of group MP (60.92 ± 9.71 and 69.35 ± 6.65,
respectively) were significantly higher than those of
group LA (56.09 ± 12.04 and 63.98 ± 8.06; P = 0.001 and
P = 0.000, respectively). Simultaneously, the differences
between the VAS scores at 6 and 12 months were not
significant (P = 0.653 and P = 00.145 respectively); at
both 1 and 3 months, group MP (4.80 ± 1.35 and 3.61 ±
1.63, respectively) exhibited lower scores than group LA
(5.50 ± 1.25 and 4.21 ± 1.52, respectively, both P < 0.05).
Nine 240-mm, seventeen 200-mm, and seventy-two 170-
mm PFNA-II nails were employed in group LA, and 11,
24, and 79 nails of the same lengths were used in group
MP, respectively. The incidence rates of thigh pain in
groups that employed the same nail lengths were was
similar; however the 240-mm nail groups had higher
thigh pain incidence rates (11.11% in group LA and
27.27% in group MP).
Discussion
There are many studies related to the treatment of inter-
trochanteric fracture with PFNA, most of which focus
on instrument characteristics [2, 4, 5, 17–21]. With fur-
ther research and development, more investigators have
found that the surgical technique (particularly the entry
point) plays an important role in the clinical outcome [8,
10–12, 22, 23]. To our knowledge, this study is the first
to compare the radiographic and clinical characteristics
between two types of trochanteric entry points for
PFNA. In this investigation, we found that in the postop-
erative radiographs of group MP, fewer impingements
on the lateral trochanteric wall were noted, the nail posi-
tions were deeper, and the helical blade positions in the
femoral head were lower. At 1 and 3 months, group MP
had a better clinical outcome, with lower VAS scores
and higher Harris hip scores than group LA. However,
the fluoroscopy time of group LA was shorter than that
of group MP.
The lateral trochanteric wall, which buttresses the
proximal fragment, has been recognized as an important
predictor of stability in intertrochanteric fractures, and
Fig. 4 Helical blade position within the femoral head (group LA and group MP)











TAD 22.40 ± 4.43 23.39 ± 3.60 0.075b




Superior (1.2.3) 28(28.6%) 11(9.6%)
Middle (4.5.6) 55(56.1%) 73 (64.0%)
Inferior (7.8.9) 15(15.3%) 30(26.3%)
Helical blade position(lateral) 0.071a
Anterior (1.4.7) 18(18.4%) 35(30.7%)
Middle (2.5.8) 54(55.1%) 59 (51.8%)
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fracture of the lateral trochanteric wall yields a high risk
of implant failure [24, 25]. Despite the fact that an IM
nail provides high union rates with low major complica-
tion rates, it has been associated with lateral trochanteric
wall impingement that causes lateral trochanteric wall
fracture during insertion, particularly for Asian patients
with a narrow and short proximal femoral anatomy [17,
19, 21, 26–28]. PFNA II has been improved for the
Asian patient with a flattened lateral surface, and the de-
creased mediolateral nail angle tends to reduce the risk
of impingement with the lateral trochanteric wall [6, 19,
29]. However, a geometric mismatch of PFNA II to the
Asian proximal femoral anatomy has also been reported.
Tyagi et al. [18], in a study based on computer tomog-
raphy, reported that the Asian proximal-femoral average
bending angle in the coronal plane is 8.4 ± 2.2°, and 80%
are greater than the 5° bending angle of PFNA II. Conse-
quently, impingement with the lateral trochanteric wall
is not a rare phenomenon when a trochanteric tip entry
point is employed. In our study, we observed 35 of 98
patients (33.3%) with impingement in group LA, in
which the entry point in the coronal plane was located
at the intertrochanteric tip; in the MP group (with a
medial entry point), impingement was observed in 23 of
114 patients (20.2%), and this difference was significant.
Impingement results in high stress on the lateral tro-
chanteric wall and causes an iatrogenic fracture in which
the cortical bone is weakened. In group LA, there were
5 cases of iatrogenic fractures with poor early function.
Similarly, Zhang et al. [30] also reported 1 case of
iatrogenic fracture caused by insertion of the PFNA II
nail (which employed the tip of intertrochanteric as the
entry point) in 56 patients.
Currently, the main complication of PFNA is helical
blade cutout and penetration [2, 7, 31, 32]. Although a
helical blade achieves an excellent fit through bone com-
paction around the blade to avoid rotation and varus
collapse, an undesirable helical blade position resulting in
implant complication/failure occurs more often in elderly
Asians with osteoporosis [31, 33–36]. The TAD is widely
recognized as an essential index for predicting fixation
failure with lag screws or blade cutouts from the femoral
head following surgical fixation with IM nailing [16]. The
latest biomechanical research suggests that the TAD for
the PFNA should be 20–30 mm and that the blade pos-
ition should be low in the anteroposterior plane and in
the center of the lateral plane to achieve the best stability
[37, 38]. Because the femoral geometry of Asians involves
shorter femoral necks, the smaller femoral neck angles
and shorter proximal canals increase the difficultly of
obtaining the ideal blade position, particularly in elderly
Asian women [39–41]. In this study, only 75% reached the
ideal position; three cases of cutout occurred in group LA
due to an excessively high helical blade position. To insert
the blade lower in the anteroposterior plane, the nail must
be inserted deeply, which causes the nail to impinge on
the lateral cortex in patients with short proximal canals.
Simultaneously, small femoral neck angles also result in
higher blade positions with a high risk of cutout. In the
present study, the TADs of group MP were slightly greater
than those of group LA, but this difference was not sig-
nificant. In the Cleveland zone, the blade position was
lower in group MP than in group LA, and 3 cutouts re-
quiring revision surgery occurred in group LA. We believe
that the use of an entry point slightly medial to the tro-
chanteric tip allowed the nail to be inserted deeper and
more medially, which in turn enabled the helical blade to
be placed at a lower position in the femoral head.
The entry point of the PFNA in the sagittal plane re-
mains controversial. Some researchers suggest that the
entry point should be at the junction of the anterior
one-third and posterior two-thirds of the apex of the
greater trochanter. However, recent cadaver research has
indicated that the apex of the greater trochanter is con-
sistently anterior to the IM canal [11]. Therefore, to ac-
commodate the IM canal, the entry point of a short,
straight PFNA should be approximately 0.5 cm posterior
to the apex of the greater trochanter, and the nail should
be inserted at a 30° angle with respect to the horizontal
[11, 42]. However, with a posterior entry point, some
studies have indicated that setting the helical blade prop-
erly within the femoral head is difficult and that the
blade will be cut out. Furthermore, the nail requires add-
itional external rotation to allow the helical blade to be






surgical time(minutes) 53.26 ± 14.44 49.72 ± 16.79 0.104a
fluoroscopy time(seconds) 56.86 ± 13.24 63.29 ± 11.12 0.000a
intraoperative blood loss(ml) 109.60 ± 29.59 102.39 ± 24.23 0.053a
postoperative blood loss(ml) 77.38 ± 22.32 73.26 ± 25.02 0.211a
VAS Score 1 month 5.50 ± 1.25 4.80 ± 1.35 0.000a
3 month 4.21 ± 1.52 3.61 ± 1.63 0.006a
6 month 2.63 ± 1.67 2.54 ± 1.48 0.653a
12 month 2.08 ± 1.19 1.85 ± 1.11 0.145a
Thigh pain 240 mm 1(9)11.11% 3(11)27.27% 0.591b
200 mm 1(17)5.88% 2(24)8.33% 1.000b
170 mm 2(72)2.78% 5(79)6.33% 0.446b
Harris Hip Score 1 month 56.09 ± 12.04 60.92 ± 9.71 0.001a
3 month 63.98 ± 8.06 69.35 ± 6.65 0.000a
6 month 73.38 ± 8.59 75.22 ± 8.08 0.110a
12 month 78.53 ± 8.77 78.16 ± 9.83 0.773a
hospital stay(day) 10.71 ± 4.00 11.53 ± 4.29 0.156a
aStudent’ T test
bFisher’s Exact Test
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set into the femoral head. Similarly, in this study, we
found that group MP (with the posterior entry point)
needed more fluoroscopy time to avoid guide pin in-out-
in within the femoral head. However, regarding the hel-
ical blade position in the femoral head, we observed no
significant differences between the 2 groups in the lat-
eral radiographs (P = 0.071), and no cutouts occurred in
group MP. We believe the above finding was due to
moving the entry point medially, which allowed the nail
to be inserted deeper and the helical blade to assume a
lower position.
Chang et al. [29] reported that a mismatch between
PFNA II and the medullary canal causes an impinge-
ment of the anterior femoral cortex, which yields thigh
pain and even femoral shaft fractures. Our research also
revealed that thigh pain occurred in 20% of patients with
a 240-mm nail and in only 7.32% and 4.64% of patients
with 200-mm and 170-mm nails, respectively, but there
were no femoral fractures. The thigh pain in the two
groups with different entry points was not significant.
Theoretically, an anterior entry point will cause less fem-
oral cortex impingement, but in this study, the differ-
ence was not significant. The reason is that, with a
posterior entry point, the nail requires external rotation
to achieve the correct helical blade position in the fem-
oral head, which turns the lateral bending of the nail
into the sagittal plane, and then the tip of the nail as-
sumes a posterior position.
In the present study, we observed that the Harris hip
score in group MP was significantly greater than in
group LA at 1 and 3 months postoperatively, while at 6
and 12 months after surgery, there was no significant
difference between the groups with respect to the Harris
hip score. McConnell et al. [14] emphasized that the lat-
eral trochanteric point caused an average of 27% damage
to the gluteus medius tendon during the reaming for IM
nail insertion. These authors proposed that gluteus med-
ius tendon injury should be recognized as a cause of
postoperative morbidity. In a cadaver study, Perez et al.
[43] described the entry point as being slightly medial to
the trochanteric apex along the trochanteric ridge and
did not damage the gluteus medius tendon during ream-
ing. Tao et al. [39] also suggested that a medial entry
point can decrease postoperative morbidity. Therefore,
the difference in the Harris hip score between the two
groups may be due to the damage to the gluteus medius
tendon in group LA; after 6 months, the gluteus medius
tendon was fully recovered, which made the score in-
crease. An additional study should be conducted to
prove this point.
While group MP received good clinical outcomes, the
fluoroscopy time was longer than that of group LA.
Achieving a medial entry point requires more fluoros-
copy because the guide pin always slides into the
pyriform fossa from the trochanteric ridge. Furthermore,
group MP (with a posterior entry point) required more
fluoroscopy to confirm the helical blade position in the
femoral head. Achieving the LA entry point required less
fluoroscopy time and an easier operation; however, this
difference in fluoroscopy time did not cause a significant
difference in the operation time.
This study has several limitations. First, obtaining pre-
cise positioning of the entry point during the surgery
was difficult, particularly with greater trochanteric frac-
tures, even after repeated fluoroscopy; as a future direc-
tion of research, we are considering the use of
intraoperative CT or navigation systems to pinpoint the
entry. Second, all of the patients in this study were local
residents of northern China; thus, whether our results
can be generalized to southern Chinese individuals with
shorter statures requires further multicenter studies.
Third, in this study, perfect anteroposterior and lateral
views were difficult to achieve during the intraoperative
fluoroscopy. However, Farhang et al.’s [11] research (a
recent anatomical study) revealed that mild proximal-
femoral rotation does not significantly affect the place-
ment of the trochanteric entry point. Therefore, we
suggest that future studies with long-term follow-ups,
multicenter evaluations, and accurate analyses with
computer tomography are necessary.
Conclusions
This retrospective cohort study demonstrated that use of
the medial posterior trochanteric entry point results in
early hip function recovery and achieves excellent nail
positions with fewer impingements, a lower helical blade
position, and fewer surgical complications. However, the
medial posterior trochanteric entry point was more diffi-
cult to utilize than the lateral anterior trochanteric entry
point, and longer fluoroscopy time was required.
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